Abstract
tons worldwide, and of these, around 40% were used for packaging (Geyer et al., 2017; 64 PlasticsEurope, 2016). Around 60% of all plastic packaging is used for food and beverages, while the 65 rest covers non-food applications, such as healthcare, cosmetics, consumer, household, apparel, and 66 shipment packaging. To reduce environmental impacts, efforts to drastically increase recycling rates 67 of packaging plastics are currently being undertaken (EU, 2018; European Commission, 2018; 68 Hammer et al., 2012) . 69
Many chemicals used to make plastics, including packaging plastics, are highly hazardous 70 (Lithner et al., 2011 ) and therefore of significant concern for occupational health (Fucic et al., 2018 ; 71 Montano, 2014) . Moreover, during the subsequent use, disposal, and recycling chemicals present in 72 plastic packaging may transfer into products such as foods or cosmetics, or in the environment ( Therefore, a detailed assessment of plastic packaging-associated chemicals may be necessary 79 (Bilitewski et al., 2012b; Bodar et al., 2018; Guzzonato et al., 2017) . 80
Several strategies for assessing and scoring hazardous chemicals in plastics have already been 81
proposed (Lithner et al., 2011; Rossi and Blake, 2014) . These studies have so far focused on 82 monomers and a small number of additives used in high concentrations, such as phthalate 83 plasticizers in flexible polyvinyl chloride (PVC). However, to comprehensively inform design, 84 manufacturing, and policy decisions supporting benign alternatives to hazardous chemicals in plastic 85 guidance. Further, to the best of our knowledge, no lists comparable to the Union list exist for non-120 food plastic packaging. 121
To address the current dearth of information, we compiled a list of chemicals associated with 122 plastic packaging. For this, we relied primarily on the information available from publicly accessible 123 sources, but also explored the suitability of several industry-maintained databases on plastics and 124 plastics additives products for finding and extracting information on the exact chemical composition 125 of materials used in plastic packaging. However, we did not include any commercial, paid-for data 126 sources, in order to ensure that the resulting database of chemicals associated with plastic packaging 127 could be made publicly available. Free access to such a resource is highly desirable, as it can inspire 128 and enable further research, regulatory actions, and packaging design innovations, as well as guide 129 citizen activities aimed to tackle the plastic pollution problem. Further, we preliminarily explored the 130 environmental and human health hazards of these chemicals and identified over a hundred 131 substances of high concern that may require further detailed assessment. Numerous data gaps exist 132 with regard to the use patterns and exposure, but also toxicity of plastic packaging-associated 133 substances. These gaps need to be addressed in the future in order to properly evaluate the risks and 134 explore substitution options. 135 136
Materials and Methods

137
2.1 Compilation of the database "Chemicals associated with plastic packaging" (CPPdb) 138 An overview of information sources used to compile the database of chemicals associated with 139 plastic packaging (CPPdb) is given in Figure 1 and the workflow is described below. As a first 140 information source we used the Chemicals and Product Categories database (CPCat; 141 http://actor.epa.gov/cpcat) constructed by the U.S. Environmental Protection Agency (EPA) (Dionisio 142 et al., 2015) (Fig. 1A) . From this database, we extracted chemicals assigned to categories we deemed 143 to be potentially plastics-and/or packaging-relevant, such as raw materials or monomers used to 144 make plastics, or various types of additives and process regulators (Flick, 2002; Zweifel et al., 2009) . 145
Thus, we extracted the CPCat categories such as "plastics," "manufacturing packing plastics," "food 146 packaging" or "fillers," but omitted the categories clearly irrelevant to plastic packaging, such as 147 "building material plastics" or "wood preservatives." The complete list of all CPCat categories 148 extracted for this project is given in the Supplementary File 1. Since many chemicals can be used in 149 multiple applications, most chemicals in the CPCat database are listed in multiple categories. 150
Therefore, in the next step we fused all extracted categories for each extracted unique CAS number. 151
The extracted chemicals were regarded as associated with plastics ("yes" in the respective column in 152 the CPPdb) whenever the extracted categories contained the indication "plastics" or "manufacturing 153 plastics," and as associated with "plastic packaging" ("yes" in the respective column in the CPPdb) 154 whenever there were indications for both "plastics" and "packaging." 155
The second information source consulted for the CPPdb (Fig. 1A) was the "Plastics additives 156 database" by Ernest Flick (2004) , which lists around 7000 commercial products being marketed as 157 plastics additives, sorted according to their function in plastics, e.g., stabilizer, antioxidant, filler, or 158 plasticizer (Flick, 2004) . Where available, the identity of chemicals associated with the listed products 159 was recorded (withholding the brand name) and corresponding CAS numbers were searched and 160 assigned manually where found. All chemicals referenced in this source were regarded as associated 161 with plastics. The resulting list of chemicals was merged with the CPCat-derived list. Harmonized CLP classifications (hazard category and class) were extracted from the ECHA-provided 230 file "Annex VI to CLP_ATP10" (updated version of Table 3 .1 of Annex VI to CLP, 10th Adaptation to 231
Technical Progress (ATP10; in force from Dec 1, 2018), accessed at 232 https://echa.europa.eu/information-on-chemicals/annex-vi-to-clp on Nov 2, 2017). These 233 classifications were matched to the CPPdb chemicals by CAS numbers. Every classification was 234 assigned a numerical hazard grade score according to the previously proposed gradation (Lithner et 235 al., 2011) . For example, Carcinogenicity 1A (Carc. 1A) and Carc. 1B received the highest hazard grade 236 score of 10 000, while that of Carc. 2 was 100. Acute Toxicity 1 (Acute Tox. 1) and Acute Tox. 2 both 237 received a hazard grade score of 1000, while grade scores of Acute Tox. 3 and 4 were 100 and 10, 238 respectively. For aquatic toxicity, Aquatic Acute 1 (Aq. Acute 1) classification was assigned a hazard 239 grade score of 100 and Aq. Chronic 1 received a hazard grade score of 1000 . A table listing all CLP  240 classifications with corresponding hazard grade scores as adopted in this work is given in the 241 Supplementary File 2. Then, a sum hazard score was calculated for each chemical, separately for 242 environmental and human health hazards. For the former, hazard grade scores assigned in Aq. Acute 243 and Aq. Chronic categories were summed. For the latter, hazard grade scores assigned in all human 244 health-related toxicity categories were summed. 245
Since many chemicals in the CPPdb did not have any harmonized CLP classifications assigned by 246 ECHA, we also extracted advisory CLP classifications for human health hazards as assigned by the 247 Danish Environmental Protection Agency (Danish EPA) in the online database at 248 http://mst.dk/kemi/kemikalier/stoflister-og-databaser/vejledende-liste-til-selvklassificering-af-249 farlige-stoffer/clp/, accessed March 28, 2018. Each advisory CLP classification was then assigned the 250 same hazard grade score as that assigned to a matching harmonized CLP classification, and sum 251 hazard scores were calculated as described above for harmonized CLP classifications. We did not 252 examine advisory CLP classifications for environmental hazards, because updated classifications for 253 the Aq. Chronic category were not available at the time. 254
In addition to the hazard categories currently covered by the CLP system, we also considered 255 whether the substance is classified as persistent, bioaccumulative, and toxic (PBT) given in the "READ ME" worksheet of the Supplementary File 3 presenting the CPPdb. 285
Results
286
The CPPdb and its information content
287
To populate the CPPdb we relied on 14 publicly available information sources and followed the 288 strategy described in the subsection 2.1 and summarized in the Figure 1A . Based on this, we 289 identified and included in the CPPdb 4283 substances that are likely or possibly associated with 290 plastic packaging, both in terms of use during the manufacturing and/or presence in the final 291 products. Additional 7510 substances, most of them originally retrieved from our first source, the 292
CPCat database, were excluded from the CPPdb list at that stage, because the 14 initial information 293 sources did not contain any indication of these substances' use in plastics and/or plastic packaging 294 (Fig. 1A) . 295
The 4283 substances included in the CPPdb cover raw materials and chemicals used in plastics 296 manufacturing, such as monomers, polymerization aids, solvents or catalysts, along with additives 297 such as pigments, fillers, antioxidants, stabilizers, plasticizers, antistatic agents, slip agents and others 298 (Zweifel et al., 2009 ). We also added several well-known NIAS such as impurities or degradation 299 products of some polymers and stabilizers (Nerin et al., 2013) . However, the coverage of NIAS was 300 knowingly incomplete. Many more substances have been reported to be present in different plastics 301 (Bradley and Coulier, 2007) , but data characterizing their complete chemical identity, hazard, and 302 exposure are often lacking . 303
When compiling the CPPdb, we sought to determine the substance's relevance specifically for 304 plastic packaging, whenever any such indications could be found in the original 14 data sources. 305
However, information on the substance's association with plastic packaging was even scarcer than 306 that on the substance's association with plastics in general. For example, the CPCat database does 307 contain a category "manufacturing packing plastics," but this category includes only 79 substances, 308 although many more chemicals are likely used (Biryol et al., 2017; EU, 2011; Muncke et al., 2017 ; 309 Oldring et al., 2014) . Most other data sources, while indicating that a given chemical is used in 310 plastics in general, often did not further specify the types of polymers, products, or applications using 311 this chemical. Thus, based on the 14 initial information sources, the likely association with plastic 312 packaging could be assigned for only a few hundred CPPdb substances. Therefore, for a subset of 313 substances we considered the most important, we consulted three additional literature sources on 314 chemical uses (Ash and Ash, 2008; Milne, 2005; Sheftel, 2000) in order to further explore their 315 potential association with plastic packaging. These substances were those identified to be of the 316 highest environmental and/or human health hazard based on harmonized and/or advisory CLP 317
classifications (see below), and/or classified in the EU as EDC, PBT, or vPvB substance, or included in 318 biomonitoring programs in the U.S., Canada or Germany (Fig. 1B) . 319
In the end, we were able to identify 906 substances to be likely associated with plastic packaging 320 in terms of being used during the manufacture of plastic packaging or being present in the final 321 packaging articles. These substances are listed on the CPPdb_ListA (Fig. 1B) . All remaining substances 322 (3377 chemicals), jointly considered as possibly associated with plastic packaging, are listed on the 323 CPPdb_ListB (Fig. 1B) . This list includes substances for which only 'possible' association with plastic 324 packaging could be assigned, or no information regarding the association with plastic packaging was 325 available in the information sources referenced above, with or without the three additional books on 326 chemicals' use. Since these three last sources were checked only for selected chemicals, it is possible 327 that some of the chemicals on the CPPdb_ListB are in fact also 'likely' associated with plastic 328 packaging, but this could not be assigned based on the information collected. Note, although a few 329 substances on the CPPdb_ListB are currently banned in Europe or in the U.S., they have been kept on 330 the list because their relevance to plastic packaging worldwide could not be excluded. 
Exploration of CPPdb chemicals' hazards, identification of the most hazardous substances
337
To explore the hazards of the CPPdb chemicals with the goal to identify the most hazardous 338 substances, we consulted both the harmonized CLP classifications (i.e. ECHA-assigned) and the 339 advisory CLP classifications assigned by the Danish EPA based on in silico models. In addition, we 340 considered EU-accepted classifications as an EDC, PBT, or vPvB substance, and recognition as an EDC 341 or a potential EDC in the 2018 UNEP report on EDCs (UNEP, 2018). The UNEP report recognizes three 342 stakeholders and consequently the EDC assessments that they performed as "robust," namely the 343 REACH EDC classifications, the ChemSec's assessments for SIN list, and the assessments by the 344 Danish Centre for Endocrine Disruptors. The "thorough scientific assessments" performed by these 345 stakeholders were carried out based on the definition of an EDC or a potential EDC given by the The sum hazard scores derived based on harmonized CLP classifications for environmental or 361 human health hazards were used to sort the lists of chemicals from highest to lowest sum hazard 362 scores, corresponding to higher and lower hazards, respectively. In addition to harmonized CLP-363 based ranking, substances classified within the EU as EDC, PBT, or vPvB, and recognized as EDCs or 364 potential EDCs in the UNEP report (2018) were also considered to be highly hazardous for human 365 health and/or the environment. A detailed breakdown of the number of substances with each 366 classification and within several sum hazard score ranges is given in Table 1 . Based on these sources, 367
we identified 148 substances as the most hazardous ones among the 906 substances on the 368 CPPdb_ListA, i.e., likely associated with plastic packaging; 24 of these substances had more than one 369 of the reviewed hazard classifications in the chosen 'most hazardous' range ( 
393
For environmental hazards, there were only 4 different sum hazard score values (Table 1) , 394 because only two relevant categories, Aq. Acute and Aq. Chronic, were available to calculate this 395 score. Sixty-eight substances on the CPPdb_ListA had the highest sum hazard score for 396 environmental hazards (1100) and were thus considered to be of the highest environmental hazard 397 based on harmonized CLP classifications. 398
For human health hazards, there were 80 different sum hazard score values based on harmonized 399 CLP classifications (ranging from 32 100 to 10) within the CPPdb_ListA (Table 1) . Here, 63 substances 400 on the CPPdb_ListA with sum hazard scores equal to or higher than 10 000 were considered to have 401 the highest human health hazard based on harmonized CLP classifications (Table 1) equal to or higher than 1000 were considered to exhibit the highest human health hazard. This 427 cut-off was chosen because it covered all CMR-classified substances along with a Skin Sensitization 1 428 classification, also regarded as a crucial human health-related hazard (Lithner et al., 2011) . Overall, 429
CPPdb_ListA chemicals had 15 sum hazard score values calculated based on advisory CLP 430 classifications for human health hazards, ranging from 2110 to 10 (Table 1) . Thus, the maximal sum 431 hazard scores in this case were much lower than those calculated based on the harmonized CLP 432
classifications. This is because the most severe hazard classifications-those reflective of the CMR 433 properties-are never assigned when only in silico estimations of toxicity are considered. Therefore, 434 modeling-based advisory CLP classifications by default cannot rise above "possible" or "predicted" 435 status. Among the 102 most hazardous substances identified based on advisory CLP classifications, 4 436 chemicals have been identified as EDCs by REACH and/or UNEP report (2018) (Fig. 2) . 437 438 3.2.3 Distribution of CLP hazard categories among the most hazardous substances 439
The 68 CPPdb_ListA substances identified as the most hazardous for the environment according 440 to harmonized CLP data are assigned in the highest hazard class for both acute and chronic aquatic 441 toxicity (Aq. Acute 1 and Aq. Chronic 1). Among the 63 most hazardous CPPdb_ListA substances 442 identified based on harmonized CLP classifications for human health hazards, CMR properties were 443 represented most often, followed by acute toxicity after oral intake or inhalation, specific target 444 organ toxicity after a single or repeated exposure (STOT SE and STOT RE categories), and skin 445 sensitization (Fig. 3A) . Other hazard categories, such as acute toxicity after dermal exposure, skin 446 irritation or corrosion, eye damage or irritation, were also assigned often, but these have much less 447 weight (lower numerical hazard grade score) and therefore contributed the least to the overall sum 448 hazard score for human health hazards. On the contrary, among the most hazardous chemicals 449 identified based on the advisory CLP classifications for human health hazards, classifications in the 450 CMR-related categories were assigned relatively rarely, while classifications for skin sensitization 451 were the most frequent (Fig. 3B) . Table 2 presents an overview of the main functions performed in plastics by the most hazardous 465 chemicals likely associated with plastic packaging, identified as described in the subsection 3.2.1, 466 along with the specific hazards and sum hazard scores calculated for each substance. This table also  467 shows the specific hazards and sum hazard scores calculated for each substance. The functions 468
represented most often were (in the order of decreasing number of substances in a group): 469 Monomers and intermediates, solvents, surfactants and their degradants, stabilizers, plasticizers, 470 biocides, fire retardants, accelerators, and colorants (Table 2) . 471
The overview in Table 2 Furthermore, industry sources tend to limit their users in accessing and retrieving chemicals-related 518 information (whichever is available) for multiple products or product categories simultaneously. 519
Instead, users can view or extract information for only a few products at a time. In addition, users are 520 often requested to demonstrate a commercial interest in order to be allowed to retrieve detailed 521 chemical information or continue any data-mining on the website. Thus, even though commercial 522 websites and companies clearly could be or are in possession of potentially detailed chemicals-523 related information, they strongly limit access to this information for non-commercial, academic 524 research purposes. On the other hand, information contained in publicly accessible sources that offer 525 a comparatively easy retrieval of data, such as the CPCat database (Dionisio et al., 2015) , is often 526 incomplete or insufficiently detailed. Filling the data gaps by collecting and recording information 527 scattered across multiple literature sources such as research manuscripts, books, or reports is highly 528 time-consuming and not achievable within the scope of one project. Furthermore, information 529 collected from such sources could still prove to be incomplete, incorrect, or outdated. For example, 530 several publications summarizing marketing information for plastics additives do provide some use 531 statistics, but only for groups of additives and not for individual chemicals or specific applications 532 (Levy et al., 2001; PlasticsEurope, 2016) . 533
Consequently, in the course of this study we were able to assign with some certainty the likely 534 association with plastic packaging to less than a quarter (906 substances) of the 4283 chemicals 535 included in the CPPdb. For the remaining 3377 CPPdb substances, no final conclusions regarding their 536 association with plastic packaging could be drawn. Moreover, when compiling the CPPdb, we 537 excluded 7510 more substances originally retrieved from the CPCat database, because no indication 538 of their use in plastics was found in the 14 initial information sources we have consulted (Fig. 1A) . 539
However, some of these chemicals could still prove to be used in plastic packaging upon closer 540 examination. Adhesives, coatings, and inks represent product categories exhibiting particularly 541 severe information gaps with regard to their constituent chemicals' use in plastic packaging. 542
In agreement with earlier studies (Bilitewski et information is prominent even for those products that are in direct contact with foods and therefore 547 can be assumed to directly contribute to population-wide human exposure . 548
More transparency regarding the exact chemical composition of marketed products might improve 549 the situation in the future, but currently the ability to perform accurate risk assessment, i.e., 550 incorporating an exposure component, is rather limited. Therefore, hazard-based assessment 551 remains the approach of choice when dealing with large numbers of chemicals potentially present in 552 consumer products. 553
Significant data gaps also exist for hazard information. For example, less than a third of the 554 chemicals likely associated with plastic packaging had harmonized hazard classifications in the 555 consulted sources (see Table 1 ). However, over two hundred plastic packaging-associated chemicals 556 lacking a harmonized CLP classification had advisory CLP classifications assigned by the Danish EPA 557 based on quantitative structure-activity relationship (QSAR) models. Thus, these chemicals might be 558 hazardous as well, but are not yet officially classified as such, possibly due to the fact that confirming 559 the predicted hazardous properties requires experimental toxicity testing data which are usually 560 lacking. This example shows that a comprehensive hazard assessment should include data sources 561 other than the harmonized hazard classifications. 562 For instance, hazard or risk assessments, conducted based on peer-reviewed literature and then 563 made publicly available, could serve to inform and guide substitution efforts. An example of such an 564 initiative is the SIN list (http://chemsec.org/sin-list/) maintained by the NGO ChemSec. However, 565 there are significant obstacles to such an approach, such as funding limitations, or issues related to 566 primary research communication and study quality (Agerstrand et al., 2017) , but also integration and 567 regulatory acceptance of alternative toxicity assessment methods, such as in silico predictions or in 568 vitro tests (Piersma et al., 2018) . Furthermore, peer-reviewed literature also tends to be biased 569 towards the better-known substances, and switching the academic attention to the next group of 570 With regard to the generation of new data on the health hazards of plastic packaging-associated 587 chemicals, the focus of toxicity testing may need to shift from assessing individual substances 588 towards looking at the mixtures of chemicals present in a finished packaging article (Muncke, 2014) . 589
The advantage would be the ability to evaluate the effects of unknown NIAS, and account for mixture 590 toxicity of multiple substances. Thus, the overall chemical extracts or migrates from a given 591 packaging article could be tested for multiple types of toxicity using cell-based in vitro systems (Groh 592 The discussion below will focus on the most hazardous chemicals identified based on the 601 harmonized CLP classifications for environmental and human health hazards, as well as EU-accepted 602 EDC and PBT/vPvB classifications, and recognition as an EDC or potential EDC in the UNEP report on 603 EDCs (2018). One major limitation of this study is its reliance on harmonized hazard data which was 604 available for less than a half of all substances included in the CPPdb. Consequently, the performed 605 ranking could identify only the already known hazardous chemicals, while other chemicals with equal 606 or more severe hazard properties may be overlooked due to the absence of harmonized hazard data. 607
Over 20 chemicals used as monomers and intermediates in plastics production, and roughly the 608 same number of substances likely used as solvents, were among the most hazardous plastic 609 packaging-associated substances identified in this work. Environmental and human health hazards of 610 plastics monomers and solvents frequently used in plastics manufacturing have been addressed 611 before (Lithner et al., 2011) . When judged based on their monomers, some polymers used in 612 packaging, including PS, PVC, PC, and PU (the latter used often in adhesives), are regarded as highly 613 hazardous, while polyolefins and PLA are considered to be of lower hazard (Rossi and Blake, 2014) . 614
However, uncompounded polymers are rarely used in final applications, as various additives are 615 usually added to modify polymer properties. If hazardous, these substances can lend hazard 616
properties to even a seemingly safe polymeric material. Indeed, we observed that the majority of 617 plastic packaging-associated substances identified as the most hazardous for environmental and 618 human health were in fact plastics additives representing diverse chemical groups used for a variety 619 of functions. 620
A particularly prominent group of hazardous additives consisted of substances containing metals, 621 including cadmium, chromium, lead, mercury, cobalt, tin, and zinc. Apart from frequent 622 classifications for aquatic toxicity, some of these chemicals also ranked high with regard to human 623 health hazards, mostly because of CMR properties. Cadmium-and zinc-containing substances have 624 been used as stabilizers in PVC and some other plastics (zinc is safer but less efficient than cadmium), 625 while mercury-containing chemicals can be applied as catalysts in the production of some plastics 626 and rubbers. Many metal-containing substances are also used as colorants, and some as 627 antimicrobials and accelerators (Zweifel et al., 2009 ). The use and presence of the four most 628 hazardous metals-cadmium, hexavalent chromium, lead, and mercury-in packaging is regulated in 629 the EU (EU, 1994) and 19 U.S. states. However, despite the regulations, toxic metals, especially 630 cadmium, have been detected at levels exceeding the regulatory limits in some PVC packagingsamples obtained from U.S. retailers (Toxics in Packaging Clearinghouse, 2017; van Putten, 2011). 632
Notably, most of the non-compliant packaging items identified in the U.S. appeared to be imported, 633 often from China. Indeed, in other parts of the world, especially in developing countries, the use and 634 presence of heavy metals in plastic packaging is either not regulated, or regulated insufficiently, or 635 regulations are not properly enforced. For example, PE bags in Uganda contain cadmium, chromium, 636 cobalt, and lead, found to contaminate food cooked in these bags (Musoke et al., 2015) , while in 637
Brazil lead was detected in some HDPE packaging samples (Kiyataka et al., 2014) . Plastics beached on 638 the shores of a fresh water lake in Europe (Filella and Turner, 2018) or the Pacific ocean (Munier and 639 Bendell, 2018), most often composed of PVC, polyolefins, and PS, were also found to contain 640 multiple heavy metals, including cadmium, mercury, and lead. Although plastics fragments are 641 known to absorb metals present in the environment (Munier and Bendell, 2018) , it was also 642 suggested that some of the detected metals could in fact be "legacy" chemicals contained in the non-643 degraded plastics originating from the times before regulatory restrictions (Filella and Turner, 2018) . hazardous properties, while others have never been tested. Though it can be difficult to control 732 these impurities in the first place, their presence in plastics should not be simply disregarded but 733 rather seen as an additional aspect to be considered when making decisions on the (future) use of a 734 particular polymer for a specific application. Paying attention to impurities and contaminants is also 735 important when evaluating the potential health effects of increasing levels of recycled content inproducts . Awareness of contamination may incentivize modification of the 737 manufacturing or recycling processes, substitution of hazardous additives, or even reconsideration of 738 the likely contaminated plastics types for use in packaging applications as a whole. 739
Some of the substances highlighted above are already regulated to some extent in the EU or 740 U.S., but regulations worldwide may vary widely. For substances regulated within REACH, use in 741
Europe may be on the decline. However, REACH only partially regulates food packaging products in 742 the EU, as these are covered instead by a separate food contact legislation (EU, 2004 (EU, , 2011 . 743
Consequently, such products are not subject to some of the regulations enacted within REACH. For 744 example, some phthalates restricted within REACH are still authorized for use in food contact and 745 thus could still be used in food packaging (an ongoing EFSA-led assessment of several phthalates has 746 not been concluded yet). Many more chemicals are pending REACH classification or have not yet 747 been evaluated under REACH. Furthermore, REACH regulation only applies to products marketed in 748 the EU, but plastic packaging is produced and consumed globally, and distribution of environmental 749 pollutants does not observe country borders (Gallo et al., 2018) . Therefore, sharing information on 750 (hazardous) chemicals in these products is highly relevant worldwide, and concerted actions are 751 needed to tackle the associated health problems. We expect that the publication of the CPPdb on 752
Chemical Hazards Data Commons resource will enable continuation of the work initiated here. 753
Urgent collaborative efforts, ideally involving many different stakeholders including industry, are 754 required to decrease the uncertainty with regard to chemical composition of packaging plastics, and 755 the chemical industry has already signaled its intent for information sharing across sectors (Stringer, 756 2018 ). This will enable improved understanding, assessment, and management of the environmental 757 and human health risks posed by plastic packaging-associated chemicals. 758 759
Conclusions
760
In this study we compiled a database, the CPPdb, listing hundreds of substances that are likely or 761 possibly associated with plastic packaging. The CPPdb contains substances used in manufacturing 762
and/or present in final plastic packaging articles, including selected NIAS. Some of the substances in 763 the CPPdb are known to be hazardous for environmental and/or human health, with harmonized 764 hazard classification data available. For some of the key hazardous chemicals identified in this study, 765 more detailed analyses should be performed in the future, including an assessment of the availability 766 of alternatives. However, we faced numerous data gaps that hinder a comprehensive hazard and risk 767 assessment of chemicals in plastic packaging. 
